A field experiment was conducted during winter season of 2011/2012 and 2012/2013 under sprinkler irrigation at Abdel Monem Riad Village (31 02 N latitude and 30 28 E longitude and altitude of 6.7 m above sea level), El-Bustan area, representing the newly reclaimed sandy soils of West Nile Delta, Egypt. The investigation aims to study the effect of deficit irrigation regimes and rates of potassium fertilizer on grain yield, № of spikesm -2 , 100-kernels weight, kernels№ spike -1 , days to heading (HD), days to maturity (MD), amounts of applied irrigation water, water productivity of three wheat cultivars vs Sakha 93 Giza168 and Gemmiza9. The drought tolerance indices e.g. Drought susceptibility index (DSI) and Drought Tolerance Efficiency (DTE%) were considered. The irrigation regimes were represented in main plots, and sub and sub-sub plots were assigned for K fertilization levels and wheat cultivars, and each treatment was replicated 3 times. The important findings could be as follows: -Wheat grain yield and the assessed yield components e.g. № of spikesm -2 , 100-kernels weight and kernels № spike -1 as well as HD and MD physiological traits were reduced due to the tested DI techniques, comparable with the control. Leaf water potential (-bar) was increased, whereas seasonal applied water was decreased under the assessed DI regimes, comparing with the control. The highest WP values were recorded with DI 50 irrigation regime. -The assessed K levels exhibited inconsistent and undistinguished trends as affecting most of the tested parameters. Such findings may be attributed to the improper method of K application. -The drought tolerance indices DSI and DTE% referred that Gemmiza9 is the proper wheat variety to be cultivated under the present experiment circumstances and may be at similar locations as well. -The tertiary interaction of control 100% ETc irrigation regime, K 1 level and Gemmiza 9 wheat variety exhibited the highest grain yields i.e. 3.38 and 3.73 tonfed -1 in 1 st and 2nd seasons, respectively.
INTRODUCTION
Wheat (Triticum aestivum L.), the key staple food crop in Egypt, and occupies about 33 percent of the total winter crop area, accounts for consuming 9 percent of water resources, and contributes 17 percent of the total value added in Egyptian agriculture. Because of its importance in the Egyptian diet, wheat is considered a strategic commodity in the country. Egyptian imports of wheat increased 21.8%, from 6.7 million metric tons to 8.1 million metric tons, between the 2000 and 2012. Because wheat is such an important component of the daily diet, and because Egypt is only 51 percent self-sufficient in wheat production, it follows that wheat policy and increasing its production using all available water resources efficiently is central to food security in Egypt.
Water scarcity has become an increasing constraint to the economic development of countries in arid and semiarid region such as Egypt. With the increase of water stress and the limited potential for additional water supply in recent years, great emphasis has been given to improving water use efficiency. In the agricultural sector, this effort has been expressed as "more crop and higher value per drop" (FAO, 2000) . At present time and as expected in the future, irrigated agriculture will be practiced under water scarcity conditions and irrigation management will shift from emphasizing production per unit area towards maximizing the production per unit of water consumed. This situation has stimulated the development and application of different water-saving technologies such as deficit irrigation (DI) and regulated deficit irrigation (RDI) in order to save water and increase water use efficiency in crops under semi-arid conditions. In addition, water supply is reduced below maximum levels and mild stress is allowed with minimal effects on the yield. Under conditions of scarce water supply and drought, deficit irrigation can lead to greater economic gains than maximizing yields per unit of water for a given crop, Kirda (2002) . Panda et al. (2003) concluded that responses of wheat growth to water deficits varied depending on wheat species and growth stages. Bukhat (2005) stated that, exposing wheat crop to water stress depresses seasonal consumptive use and grain yield. Haikle and Melegy (2005) concluded that the maximum grain yield and lowest water use efficiency of wheat were recorded when irrigated with the recommended irrigation requirements under sandy soils and sprinkler irrigation system. Salemi et al. (2006) reported that about 19.3% decrease in grain yield was recorded due to 40% decrease in water use, and this water saving lead to 34.5% increase in water use efficiency, and the quality characteristics were increased. Quanqi et al. (2010) indicated that, irrigation at the jointing and heading stages resulted in high grain yield and water use efficiency, which would offer a sound measurement for developing deficit irrigation regimes. Akbari et al. (2011) found that the highest grain yield resulted from irrigation at all stages. Deficit irrigation was found to decrease grain yield by 5% at no irrigation before stem elongation, by 32% at no irrigation before flowering, and by 52% at no irrigation before grain filling. Abd El-Ghany et al. (2012) indicated that, withholding irrigation during tillering and/or flowering growth stages reduced significantly all vegetative growth, yield and yield components compared normal irrigation. Jazy et al. (2012) indicated that wheat irrigated after 90mm cumulative pan evaporation saved about 22% in irrigation water, and grain yield loss was insignificant, comparable with 110mm cumulative pan evaporation. Moghaddam et al. (2012) indicated that there were significant differences among the deficit irrigation treatments on grain yields, 1000 grain weight, spike length, plant height, no. of grains per spike, no. of spikes per m-2, and biomass and harvest index. Deficit irrigation significantly reduced grain yield and agronomic traits of all wheat cultivars. The highest reduction in all parameters was found in severe stress, and stress at vegetative and reproductive stages treatments. Jiang et al. (2012) found that, spring wheat was sensitive to water deficit, especially at the booting to grain-filling stages. Sallam (2014) found that leaf water potential decrease as plants become near maturity and/or as applying deficit irrigation treatments. The author added that no significant difference in grain yield under 75% ETc compared to full irrigation, and amounts of applied water (based on class A pan readings) were 6534 and 5151 m3ha-1 under full and 75% ETc regimes, respectively.
Potassium plays a vital role in: photosynthesis, protein synthesis, control of ionic balance, regulation of plant stomata and water use, activation of plant enzymes and, many other processes (Reddy et al. 2004) . Wang et al. (2004) reported that accumulating K and free proline might play a role in drought adaptation in some plants. Cakmak (2005) reported that, despite acting as an essential macronutrient, K serves as a primary osmotic regulator to maintain turgor in plants, particularly under stressful environments. Therefore, abundant K+ accumulation in plant tissues under drought stress may play a vital role in water uptake from the soil. One of the mechanisms for improving plant tolerance to drought is to apply K which seems to have a beneficial effect in mitigating drought stress. Increased application of K has been shown to enhance photosynthetic rate, plant growth and yield in different crops under water stress conditions (Tiwari et al.1998) . Spraying wheat plants with K before subjecting the plants to drought treatment diminished the negative effects of drought on growth and in turn increases yield per plant, since the plants are able to utilize foliar-applied K and translocate it to almost all plants parts, (El-Ashry et al. 2005) . In addition, Raza et al. (2013) reported that the exogenous application of K to wheat cultivars under drought stress at critical growth stages enhanced tolerance of wheat by reducing toxic nutrient's uptake and improving the physiological efficiency. The tested wheat varieties showed uniform behavior and maximum improvement in all the recorded nutrients uptake and physiological parameters was achieved when K was applied at grain filling stage. Abd El-Hadi (2015) on sandy soil with sprinkler -irrigated wheat, found that yield was slightly affected by water regimes, K fertilizer levels, and their interaction.
This research aims to study the effect of deficit irrigation regimes and levels of potassium fertilizer on grain yield, yield components and the physiological traits e.g. days to heading (HD) and days to maturity (MD) of three wheat cultivars. Drought tolerance and water productivity for the assessed wheat varieties under sprinkler irrigation system on sandy soil were investigated.
MATERIALS AND METHODS

Site description:
A field experiment was conducted during 2011/2012 and 2012/2013 under sprinkler irrigation at Abdel Monem Riad Village (31 02 N latitude and 30 28 E longitude with an altitude of 6.7 m above sea level), ElBustan area, representing the newly reclaimed sandy soils of west Nile Delta, Egypt. The investigation aims to study the effect of deficit irrigation treatments and rates of potassium fertilizer on grain yield, № of spikesm-2, 100-kernels weight, № of kernels/spike, days to heading (HD), days to maturity (MD), amounts of applied irrigation water, water productivity of three wheat cultivars namely Sakha 93 Giza168 and Gemmiza9. The drought tolerance indices e.g. Drought susceptibility index (DSI) and drought tolerance efficiency were considered. Particle size distribution and some soil -water constants and bulk density were determined according to FAO (1970) and Black and Hartge, 1986 , respectively, and data are listed in Table 1 . In addition, some chemical soil properties were determined as described by Page et al. (1982) is shown in Table 2 . 
Experimental design and tested variables:
A split-split plot experimental design with three replicates was adopted used. Five irrigation treatments were assigned to the main plots, four potassium fertilization rates were assigned to the sub-plots, and three wheat varieties were assigned to the sub sub-plots. Area of main plot was 120 m2, and the adopted treatments were arranged as follows:
The main plots, Regulated Deficit and Deficit irrigation regimes, where the applied irrigation water amounts were pre-calculated based on the readings of class ), and Kc = crop coefficient for wheat crop (FAO, 1984) .
The wheat growth stages and crop coefficient (Kc) values (FAO, 1984) used in this experiment are presented in Table 3 . micronutrients were added at two times e.g. 25-35 days and at 60 days after sowing as foliar spray at the ratio of 1:1:1: 0.2. In addition, Ca as Ca-EDTAT at the rate of 2 kgfed -1 was executed four times, as foliar spray, during the growing season.
All other agronomic practices e. g. weeds and diseases control, etc. were done as recommended by the Ministry of Agriculture for wheat production in the area.
Crop and soil measurements: Crop measurements:
The following parameters were measured after harvesting: * Grain yield, tonfed * 100-kernel weight, g It is worthy to mention that the physiological traits e.g. days to heading (HD) and days to maturity (MD) were considered in the second season only, and recorded during the growing season.
Crop tolerance indices:
The drought susceptibility index and the drought tolerance efficiency parameters were used to evaluate the effect of water stress treatments on the tolerance of the tested wheat cultivars.
Drought susceptibility index (DSI) was calculated by the formula given by Fisher and Maurern (1978) ) values calculated using class A pan. Kc= crop coefficient (FAO, 1984) I= irrigation intervals Ea= irrigation application efficiency of the sprinkler irrigation system (Ea = 75% for sprinkler system). LR = leaching requirements, (LR was not considered to avoid the effect of excess water on the DI and RDI treatments).
*Water productivity (WP):
The WP values were calculated according to the following equation (Jensen, 1983 ):
Statistical analysis:
The obtained data were statistically analyzed using the CoHort Software (1986) statistical package. Average values from the three replicates of each treatment were interpreted using the analysis of variance (ANOVA). The Duncan's Multiple Range Test was used for comparisons between different sources of variance according to Steel and Torrie (1984) .
RESULTS AND DISCUSSION
Effect of the adopted treatments on grain yield and its components 1-Grain Yield (tonfed -1 ): Data in Table 4 show that the adopted irrigation treatments and K fertilization rates and wheat varieties as well significantly influenced wheat grain yield, and such trend was true in the two growing seasons. The highest grain yields i.e. 2.64 and 2.95 ton fed -1 were recorded with the control irrigation treatment. 75 and DI 50 irrigation treatments, respectively. Water stress during grain filling through withholding last or last two irrigations markedly reduced growth, straw and grain yields (ElSabbagh et al, 2002) . Moghaddam et al. (2012) indicated that there were significant differences among the deficit irrigation treatments on grain yields, and DI significantly reduced grain yield. Akbari et al. (2011) found that the highest grain yield resulted from irrigation at all stages. Deficit irrigation was found to decrease grain yield by 5, 32 and 52% with withholding irrigation before stem elongation, before flowering, and before grain filling stages, respectively. Zareian and Hamidi (2014) reported that water stress through irrigation withholding irrigation at the ear emergence and grain filling phases reduced grain yield and its components. ), which tended to reduce by 6.51, 7.91, 1.40% with K 1 , K 2 and K 3 levels, respectively, compared with K 0 . Foliar application of potassium significantly increased grain yield of wheat (El-Sabbagh et al, 2002) .
Data in Table 4 Table 6 reveal that Gemmiza 9 produced the highest value of Kernels № spike -1 reached to 40.32 in 1 st season, which was higher by 4.51 and 3.92% than those recorded for Sakha 93 and Gemmiza 9 varieties, respectively. In 2 nd season, Sakha 93 exhibited the highest figure of Kernels № spike -1 amounted to 38.42, which is higher by 4.69 and 0.26% than those recorded for Giza 168 and Gemmiza 9 varieties, respectively. 
100-kernel weight (g):
Data in Table 7 indicate that the adopted irrigation treatments and K fertilization rates and wheat varieties as well significantly affected 100-kernel weight, and such trend was true in 1 st and 2 nd growing seasons. The highest 100-kernel weight i.e. Table 7 reveal that Gemmiza 9 produced the highest value of 100-kernel weight reached to 3.56 g in 1 st season, which was higher by 2.01 and 10.90 % than those recorded for Sakha 93 and Giza 168 varieties, respectively. In 2 nd season, Gemmiza 9 still exhibited the highest figure of 100-kernel weight amounted to 3.46 g, which is higher by 0.87 and 3.60% than those recorded for Sakha 93 and Giza 168 varieties, respectively.
The highest 100-kernel weight value (4.70 g) was attained due to the tertiary interaction of control 100% ETc, K 1 and Gemmiza 9 in 1st season, whereas in 2 nd season interaction of control 100% ETc, K 3 and Gemmiza 9 resulted in the highest value comprised 4.37g.
As for the yield components as affected by the adopted treatments, Akbari et al. (2011) found that Deficit irrigation negatively affected the characteristics of number of spikes/m 2 , and biomass and harvest index. In addition, Moghaddam et al. (2012) indicated that there were significant differences among the deficit irrigation treatments on grain yields, 1000 grain weight, spike length, plant height, no. of grains per spike and no. of spikes per m -2 . DI significantly reduced the agronomic traits of all wheat cultivars, and the highest reduction in all parameters was found in severe stress, and stress at vegetative and reproductive stages treatments. Abd El-Ghany et al. (2012) and Jazy et al. (2012) reported that deficit irrigation affected all vegetative growth, yield and yield components including number of spikes m -2 more than under normal irrigation. Zareian and Tabatabaei (2014) stated that water stress through withholding at the wheat ear emergence and grain filling phases reduced the Leaf stomatal conductance, transpiration rate, biological and grain yields. El-Sabbagh et al. (2002) stated that foliar application of potassium significantly increased number of spikesm 2 , number and weight of grains spike -1 , 1000 -grain weight of wheat traits. Additionally, Mesbah (2009) found that the differences between foliar spraying of 1% K and the control (48 kg K 2 Ofed -1 as soil application) were significant, while with 2 or 3% potassium spray the differences were insignificant of most studied attributes.
Days to heading (HD) and days to maturity (MD)
Data in Table 8 indicate that the adopted irrigation treatments and K fertilization rates and wheat varieties as well significantly affected the physiological traits vis. HD and MD, and such trend was true in 1 st and 2 nd growing seasons. It is obvious that the assessed deficit irrigation regimes resulted in reduction in both HD and values, and such findings were recorded in 2 nd seasons. The reductions in HD were 1.35, 3.55, 2.68 and 2.59% under RDI 75 , RDI 50 , DI 75 and DI 50 irrigation regimes, respectively, comparing with the control one. Likely, the corresponding reduction values in MD comprised 0.74, 1.66, 0.97 and 2.69% in the same order of irrigation remiges. The obtained results coincided with that reported by Eman and Ismaiel (2013) who reported that wheat plants under any kind of stress is driven quickly to maturity to preserve the species. Data concerning HD and MD traits as affected by the assessed K levels, both traits values tended to increase with K level increase, where HD increased to be 0.8, 0.75,2.35% with K 1 , K 2 and K 3 levels, respectively, longer than K 0 level. Likely, MD value was increased by 1.56, 1.19 and 1.80%, respectively, in the same order of K levels. Data in Table 8 reveal that Gemmiza 9 reveal the highest HD and MD values reached to 97.78 and 148.07 days, which were longer by (7.03 and 8.50 days) and by (5.9 and 3.2 days) than those recorded for Sakha 93 and Giza 168 varieties, respectively. 
Drought tolerance indices
The Drought tolerance indices vis. Drought Susceptibility Index (DSI) and Drought Tolerance Efficiency (DTE) were considered in the present investigation in order to verify the performance of the assessed wheat varieties under the tested DI and RDI irrigation regimes. In the present investigation, DSI value for a wheat genotype is near the unity this means that such genotype is susceptible for drought stress condition, and vice versa. On such basis, and regardless DI treatments, data in Table 9 clear out that Gemmiza 9 is more drought-resistant than Giza 168 and Sakha 93 varieties in 1 st season, whereas in 2 nd season, the arrangement with respect to drought resistance changed to be Gemmiza 9 > Sakha 93> Giza 168. Furthermore, based on 2-season average the assessed varieties could be arranged as Gemmiza 9 > Sakha 93 > Giza 168 with respect to its drought resistance. In addition, according to Drought Tolerance Efficiency the tested wheat varieties could be arranged as Gemmiza 9 > Sakha 93 > Giza 168 with DTE values comprised 72, 66 and 62%, respectively. So, Gemmiza 9 could be recommended to be cultivated in areas with conditions similar to that where the present investigation was executed. Gupta et al. (1989) and Sallam (2014) who reported that leaf water potential increased as a result of applying deficit irrigation treatments. Water Productivity, WP The term water productivity is used exclusively to denote the amount or value of product over volume or value of water depleted or diverted. The value of the product might be expressed in different terms e.g. biomass, grain, money (FAO, 2003) . In the present investigation WP means gks of wheat grain yield that produced due to applying the unity of irrigation water. On such basis, with DI50 irrigation regime WP averaged 1.47 and 1.52 kgm-3 in 1st and 2nd seasons, whereas under control 100% ETc, RDI 75, RDI 50 and DI75 irrigation regimes, WP averaged (1.12 and 1.20 kgm-3), (1.01 and 1.02 kgm-3), (1.02 and 1.14 kgm-3) and ( 0.96 and1.00 kgm-3) in 1st and 2nd seasons, respectively. Zhang et al. (2005) reported that wheat grown under the RDI had 26% greater WUE compared with the control and grain yield and WUE of spring wheat can be greatly improved by regulated deficit irrigation with reduced amounts of water. In addition, Wang et al. (2012) found low irrigation treatment had a higher WUE than that with high irrigation over the 2 years.
Data of K fertilization affecting WP, K3 level exhibited higher values with increases reached 10.48, 10.48 and 4.50%, respectively, higher than those with K0, K1 and K2 levels in 1st season. The trend was slightly differed, where the highest WP e.g. 1.19 kgm-3 was recorded with K2 level, which is higher by 13.13,18.18 and 0.85% than K0, K1 and K3 levels. Mesbah (2009) found that water use efficiency were significantly increased with increasing potassium concentration from 1 to 2 or 3%. The bilateral interaction of DI50 irrigation regime and K2 level resulted in the highest WP figures comprised 1.69 and 1.79 kgm-3, respectively, in 1st and 2nd seasons. Data reveal that Gemmeiza 9 variety exhibited higher WP e.g. 1.28 kgm-3, which were higher by 31.96 and 11.30%, than those observed with Sakha 93 and Giza 168 varieties in 1st season. In 2nd season, the corresponding increase in WP values were 16.07 and 13.04%, respectively, in the same order of wheat varieties. Furthermore, the bilateral interaction of DI50 irrigation regime and Gemmeiza 9 resulted in higher WP values amounted to 1.57 and 1.51 kgm-3, respectively, in 1st and 2nd seasons. 
